Phospholipid vesicles promote human hemoglobin oxidation.
We have studied the heme oxidation kinetics of purified human hemoglobin (Hb) in the presence of lipid vesicles of dipalmitoyl phosphatidylcholine and bovine brain phosphatidylserine that exhibited minimal lipid peroxidation. We showed that the lipid vesicles enhanced Hb oxidation and that small unilamellar vesicles (SUVs) exerted a larger effect than large unilamellar vesicles (LUVs). We have determined pseudo first-order rate constants for the initial disappearance of oxygenated ferrous Hb (k0) and for the initial formation of several ferric Hb species (methemoglobin, hemichrome, and choleglobin) in the presence of SUVs and LUVs. k0 and other rate constants depended linearly on lipid-to-hemoglobin molar ratio (lipid/Hb), with k0SUV (h-1) = k0auto (h-1) + 3.7 x 10(-3) x lipid/Hb, and k0LUV (h-1) = k0auto (h-1) + 0.2 x 10(-3) x lipid/hb, where k0auto is the rate constant for Hb autoxidation in the absence of vesicles. Thus, in the absence of lipid peroxidation products, lipid vesicles themselves promote Hb oxidation by enhancing the rate of Hb oxidation. The enhanced oxidation was inhibited by catalase, but not by butylated hydroxytoluene. The rate constants were independent of Hb concentration, in the range of about 3.1 to 100 microM. We suggest that the lipid surface properties, including surface curvature, surface energy, and hydrophobicity, promote hemoglobin oxidation.